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Description 

Lymphokines such as interferons (hereinafter sometimes abbreviated as IFNs) and interleukin-2 
(hereinafter sometimes abbreviated as IL-2) have been considered to be of clinical value for the treatment 

5 of viral infections and malignancies and recent technological advances in genetic engineering have made it 
in principle possible to produce such lymphokines on large scales. However, it is known that the clearance 
of lymphokines administered to the living body is in general very short. In the case of lymphokines derived 
from heterologous animals, it is anticipated that antibodies may be produced in some instances and cause 
severe reaction such as anaphylaxis. Therefore, technology development is desired which leads to delayed 

io clearance of lymphokines used as drugs, with their activity retained, and further to decrease in their 
antigenicity. To achieve this object chemical modification of lymphokines is a very effective means. Such 
chemical modification is expected to result in delayed clearance in the living body, decreased antigenicity 
and, further, increased physiological activity. From the practical viewpoint, the significance of chemical 
modification of lymphokines is thus very great. \ 

15 Generally, in chemically modified physiologically active proteins, a method is required by which said 
proteins can be chemically modified while retaining their physiological activity. Polyethylene glycol methyl 
ether is considered to navy nu antigenicity and therefore is used in chemical modification of proteins. The 
introduction of said substance into proteins is generally performed by way of the intermediary of cyanuric 
chloride. However, cyanuric chloride is toxic perse and the possible toxicity of its degradation products in 

20 vivo remains open to question. Therefore, cyanuric chloride should be used with caution. Furthermore, the 
reaction involved requires a pH on the alkaline side and therefore the above-mentioned method of 
modification has a drawback in that it cannot be applied to proteins liable to inactivation under alkaline 
conditions. 

U.S. Patent No. 4,002,531 discloses a method of producing monoaikylpolyethylene glycol derivatives 
25 of enzymes. However, the method disclosed therein, which uses sodium borohydride at pH 8.5, when 
applied to lymphokines, may possibly destroy the physiological activity of lymphokines and therefore 
cannot serve as an effective method of production. Furthermore, said patent specification does not any 
suggestion as to the effect of delaying the in vivo clearance of the enzyme derivatives. Such effect is 
therefore unknown. 

30 There is also known a method of introducing a low molecular aldehyde such as formaldehyde, 
acetaldehyde, benzaldehyde or pyridoxal into physiologically active proteins in the presence of a 
boron-containing reducing agent [Methods in Enzymology, 47, 469 — 478 (1977); Japanese Patent 
Unexamined Publication No. 154,596/83]. However, application of said method to lymphokines fails to 
achieve effective delay in clearance. A substantial decrease in antigenicity cannot be expected but rather it 

35 is possible that the low molecular aldehyde introduced may serve as a hapten to thereby provide said 
lymphokines with immunogenicity. 

The present inventors studied intensively to overcome the above difficulties and have now completed 
the present invention. 

This invention provides chemically modified lymphokines having polyethylene glycol of the formula 

40 

R+O— CH 2 — CH ? -k (I) 

wherein R is a protective group for the terminal oxygen atom and n is an optional positive integer, bonded 
directly to at least one primary amino group of the lymphokine moiety and a method of producing the 
45 same. 

In the present specification, the term "lymphokine" includes soluble factors released from 
lymphocytes and involved in cellular immunity and substances equivalent thereto in physiological activity. 

Thus, the lymphokines may be genetically engineered products, products derived from various 
animals including humans and further include substances similar in structure and in physiological activity 
so to these. 

For instance, there may be mentioned various interferons [interferon-a (IFN-a), interferon-3 (IFN-P), 
interferon-y (IFN-y),|, IL-2, macrophage differentiating factor (MDF), macrophage activating factor (MAF), 
tissue plasminogen activator, and substances similar in structure and in physiological activity to these. 

cr V "i^ n f>w en-.-* ^"\\e\t^r\rnc cvTii'nr in qtnjrt ■ >.w mrl in nhysinlorjicol activity ar^ substances havinn 



r.jiro,.,-, .. ,.t>ii» ■ . tinjra,/ > Pf ' ,'v.pru r '''O. l.iC.K i ■ 4 V '■- i !(]> trrvn V'-*' \-rPrm r .• 

(Japanese Patent Application 58-235638, filed December 13, 1983) and substances having the structure o» 
so IL-2 except for the lack of one or more constituent amino acids with or without one or more substitute 
amino acids in place of said missing one or ones, for example the IL-2 analog containing serine in lieu of the 

'25th amino acid cysteine 'EPC (laid open) 104798). 

P«~ferre-.J 2'"C»C S"«C" -v^ phnk !'-.-•**. F\ ' c \ , . • ; ' V.'" :" - • •■.;.> EPC : • ■ 
,v..8 f Jc/Cj; r If-lVy iclOfclT:! - ; '• \\ \ r • :' ,> • • V. -n<- r ~V. : \ . '• ■ rn--r*-- \-t*~ V:! : : ■ 

acids UFN-v ci3). jnd IL-2. 
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The lymphokines to be used in the practice of the invention preferably have a molecular weight of 
^ f)f)0 to 50 000 more preferably 10,000 to 30,000. 

The priSy ^mino group of lymphokines includes the N-terminal a-amino group and the e-am.no 

5 9r0U Ref°e f rriiq Jfthe grotlSrepresented by the above formula (I), the terminal oxygen-protecting group R is, 
for example an^,M 9 or alkanoyl group. The alkyl group is preferably an alkyl of 1 to 18 carbon atoms, more 
preferabl? a lower (C,_ 4 ) alkyl, such as methyl, ethyl, propyl, i-propyl. butyl, -butyl, sec-buty or tWThe 
alkanoyl group is preferably an alkanoyl of 1 to 8 carbon atoms, more preferably a lower (C, .) alkanoyl. 
such as formyl acetyl, propionyl, butyryl, i-butyryl or caproyl. The positive integer n ,s preferably not more 

10 ta ^dC?|.|piiit has a molecular weight of not more than 25.000 more preferably 
350 to 6.000. From the viewpoints of physiological activity retention and clearance delaying effect the 
group of formula (I) preferably has a molecular weight corresponding to 1 to 10%, more preferably 2 to 5 A 
of the molecular weight of the lymphokine to be modified. 

The chemically modified lymphokines according to the invention have the group of formula (I) directly 
bonded to at least one of the primary group of the corresponding Wmphokines. 

When the N-terminal a-amino group is the oniy primary ammo grcp ... .... .,... r . - - 

modified the modified lymphokine has the group of formula (I) directly ^^J^^^Z 
the lymphokine to be modified has one or more lysine residues >n its mo lecule ^ modif ed 
has the q roup of formula (I) directly bonded to some percentage, preferably 15 to 80 /„ (on the average), of 
said e aminJ groups. In this case, the N-terminal a-amino group may have or may not have the group of 

formula (I) directly bonded thereto. avarnn \a k« 

The chemically modified lymphokines according to the invention can be produced, for example, by 
reacting a lymphokine with the aldehyde of the formula 

R+O-CHsCHj-^ivrTO— CH 2 CHO 

wherein R and n are as defined above, in the presence of a reducing agent. 

As the boron-containing reducing agent to be used as conducting the react.on here may be 
mentioned sodium borohydride and sodium cyanoborohydride. Among them, more preferred is sodium 
^KShAriSi^f^ie viewpoint of se.ectivity of reaction or possibility of carrying out the reaction ,n 

^ MSSl tZoS\ue aldehyde („, is used in an amount of about 1 to 1C i.OOC , mo ,es i per ^ole 
of the lymphokine, and the boron-containing reducing agent is used in an amount of about 1 to 100 moles 
oe mole of the lymphokine. The degree of modification can be selected as desired by varying the mole 
S o be^een lymphokine and aldehyde (II). The solvent to be used in carrying out the invention may be 
any soTvTnt which does not disturb the reaction and is, for example, a buffer such as a phosphate or borate 
buffe° An organic solvent which does not inactivate lymphokines or disturb the reaction, such as a lower 
alkanol <e g methanol, ethanol, i-pro P anol) or acetonitrile, may be added The reaction may ^ conducted 
within a broad oH ranoe of 3 to 14 but is preferably performed in the vicinity of neutrality (pH 6.5—7.5). The 
ration temperature may be se ected within a broad range of 0° to SOX, preferably 0° to arc so as not to 
cause denaTuratfon^ lymphokines. A period of 0.5 to 100 hours, generally 10 to 80 hours w.ll be sufficient 
fo the ^reaction The desired, chemically modified lymphokines can be obtained by purifying the reaction 
mtotSsis, salting out, ion exchange chromatography, gel filtration, h.gh perf o^ance liquid 
chromatography, electrophoresis, or the like ordinary method of punfymg pro ems The degree of 
31 oUhe amino group or groups can be calculated by acid degradation followed by amino acd 

^ The abovi-mentioned aldehyde (II) can be produced from an ethylene glycol derivative of the formula 

50 R4O-CH 2 CH 2 -)s0H < M1 > 

wherein R and n are as defined above, for instance. The following is a method of producing the same which 
" advantageous in that the production of the corresponding byproduct carboxy ic acid s little. 

is aovantdneuus ^ y . : ..,;•*„.•.]•" rMororbromate in a haloalkane solvent such as 
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- ueratu ■ , . . ., 

. . . ......... .,.,t .-«ki.' : . ' • "• io\.\t.-.; . . '••.)' ■ ' .v.i.. 

bromoacetal'and treatment with an acd such as an organic acid (e.g^ tr.fluoroacetic ac.d, or an inorganK 
acid (e g hydrochloric or sulfuric acid) can also give the corresponding aldehyde (II) which is longer n 
chain length by -O-CH.CH,- than compound (III). In this case. 10 to 30 moles, per mole of compound 

|! "f ' pntassi m tdTutoxide %. addon to the above compound and, after dissolution, 3 to 15 moles, per 

... .' ,, f ,.,,...,,„. „,j ,j |, , i-,- -.ivmrcta! :s iJdea, fol : owe<1 by 'eactio" 10 to « t j (. fo<- ■'■ ■■< to s n„.i • 
After ircatment'of tho reaction 'mixture m the conventional manner the P'cduct -b jissolvod . •, ■> ,i.r. 
arpeous solution of the above-mentioned acid, Wowed by heating tor = ~ notes to . no.. ,. 
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in each case, the reaction mixture can be subjected to purification process conventional in the field of 
chemistry, such as extraction, concentration, recrystallization, reprecipitation, chromatography and/or 
distillation. 

The chemically modified lymphokines according to the invention have useful physiological activities 
5 similar to those of the corresponding known, unmodified lymphokines and are useful as drugs, among 
others. 

The chemically modified lymphokines according to the invention exhibit delay in clearance in vivo as 
compared with the corresponding known, unmodified lymphokines and are low in toxicity and antigenicity 
and can be used safely for the same purposes and in the same manner as in the case of known 
io lymphokines. 

The chemically modified lymphokines according to the invention can usually be administered to 
mammals (monkey, dog, pig, rabbit, mouse, human) either orally or parenterally in the form of appropriate 
pharmaceutical compositions prepared by using carriers, diluents, etc., which are known in themselves. 

Thus, for instance, chemically modified IFN-a according to the invention, when used as an antiviral 
15 agent, is recommendably administered to human adults once a day by intravenous injection in a dose of 
1x10 4 to 1x10 9 international units. 

in the present specification, the amino acids, when referred to by abbreviations, are abbreviated 
according to IUPAC-IUB {Commission of Biological Nomenclature). 

The transformant Escherichia coii 294/pHITtrp1 101 -d2 as disclosed hereinlater in a reference example 
20 has been deposited with Institute for Fermentation, Osaka (IFO) under the deposit number IFO-14350 and, 
since June 6, 1984, with the Fermentation Research Institute (FRI), Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry under the deposit number FERM BP-703 under 
Budapest Treaty. 

The strain Escherichia coii DH1/pTF4 has been deposited with the Institute for Fermentation, Osaka 
25 under the deposit number IFO-14299 and, since April 6, 1984, with the FRI under the deposit number FERM 
BP-628 under Budapest Treaty. 

Brief description of drawings 

Fig. 1 shows the clearance-delaying effect in rat plasma as disclosed in Example 1 (iv). The 
30 measurement results obtained with the chemically modified IFN-a according to the invention as produced 
in Example 1 (j) are indicated by Q (enzyme immunoassay) and □ (antiviral activity assay), and the results 
obtained with rlFN-oA used as a control by # (enzyme immunoassay) and ■ (antiviral activity assay). 

Fig. 2 shows the clearance-delaying effect in rat plasma as disclosed in Example 3 (ii). The data 
indicated by A, □ and # are the enzyme immunoassay data for compound No. 8, compound No. 2 (Table 
35 1) and control rIFN-aA, respectively. 

Fig. 3 shows the construction scheme for the expression plasmid pHITtrp1101-d2 disclosed in 
Reference Example 3 (i) and Fig. 4 the construction scheme for the expression plasmid pLC2 disclosed in 
Reference Example 4 (i). 

40 Best mode for carrying out the invention 

The following working examples and reference examples illustrate the invention in more detail but are 
by no means limitative of the invention. 

Example 1 

45 Production of polyethylene glycol methyl ether-modified IFN-a 

(i) A 5-ml (4.8 mg as protein) portion of a solution of !FN-a (rIFN-aA) was dialyzed against 0.2 M 
phosphate buffer (pH 7.0) and 0.15 M sodium chloride at 4°C for 12 hours. To the dialyzate taken out, there 
was added the polyethyleneglycol methyl ether aldehyde (average molecular weight 1,900) (260 mg) 
obtained in Reference Example 1. Then, sodium cyanoborohydride (140 mg) was added, and the mixture 

50 was stirred at 37°C for 40 hours. The reaction mixture was poured into a Sephadex G-75 column (3.0x43.0 
cm) and developed with 25 mM ammonium acetate buffer (pH 5.0) and 0.15 M sodium chloride. The eluate 
was collected in 5-ml portions. Eluate fractions (100 — 150 ml) containing the contemplated product were 
combined. Assaying by the Lowry method using bovine serum albumin as a standard revealed that the 
nrnt^'n content in tpa -nmbinnd fmrtmns was R4 un'ml Amino nr'ni r ^tinc in acid ^vdrnlvsatp ^ N 



: r es!dues, !r«? at'ov*- 1 result? inM to ;t rnnnmsinn fn;it ahout 4r: i ot i vr; resinuos .n interferon u roc ooe' 
modified at the e-amino group with the polyethylene glycol methyl ether (average molecular weignt 1 ,900). 
CO The potency of this product as determined by the enzyme immunoassay method [Methods in Enzymology, 
79, 589 — 595 (1981)1 was 1.51 x10 7 international units/mg and the antiviral activity as determined by the 

method described in Journal of Virology, 37, 755 — 75R (1981) was 0.57x10 7 internationa 1 units/mg. This 

'<uHicA i'IFA-3) was submitted To : clearance test ; n rats is mentioned later herein. 

:iu Jsing 100 mg cf the ;)olyethy lecc glycol methyl ether a-deryde obtainoc n Reference -fxcr-m ■ 
ind having an average moiecular //eight of 750 ana 100 mg of sodium cyanoborohydride, r!FN-oA 
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treated in the same manner as (i) to give 30 ml of a solution of polyethylen 

IFN-a with a protein content of 130 pg/ml. Amino acid ^^^^ff^^f^^^^. 
110°C 24 hours) were as follows: Asp. 12.1 (12); Thr, 10.1 (10); Ser, 13.6 (14); Glu 26.7 (26), Pro. 5.5 (5), 
G v 5 6 (5) Ala 8.4(8); Val, 6.7 (7); Met, 5.5 (5); lie, 7.4 (8); Leu, 21.0 (21); Tyr 5.1 (5); Phe. 9.6 (10); Lys 4 7 
His' 3 5 (3 )' Arq 9 (9)- Trp, 1.8 (2); Cys, decomposed. The above data indicate that about 57% of Lys 
Residues had Hen modified at the s-amino group. Enzyme immunoassay performed in the same manner 
as (i) gave the result 5x10 s international units/mg, and the antiv.ral activity of the product was 0.14x10 

inte SS l p i 1 otdur g e of (i) was followed using 27 mg of the polyethylene glycol methyl ether aldehyde 
and 27 mg of sodium cyanoborohydride and there was obtained 50 ml of a polyethylene glycol methyl 

ther-modified IFN-a solution with a protein content of 45 ug/mL Amino acid I ratios .n ^^Ydrolysate 6 N 
hydrochloric acid, 110»C, 24 hours) gave the followmg ^^[^L^]?-^?^: !?21 Tv 5 3 
Glu 26 6 (26); Pro, 5.5 (5); Gly, 6.1 (5); Ala, 8.3 (8); Val, 6.6 (7); Met, 5.2 (5); lie, 7.4 (8); Leu, 21.0 (2 ), Tyr, 5.3 
fs " Phe 10 2 (10) Lys 9.0; His, 3.6 (3); Arg, 9.1 (9); Trp, 2.3 (2); Cys, decomposed. The above data indicate 

hat about 18% of Lys residues had been modified at the e-amino group. Enzyme immunoassay performed 
!n the same manner as (i) gave the result 1.09x10° international units/mg and the antiviral act.v.tv of this 
product was 1.63x10 s international Units/my. 

P (iv) The chemically modified IFN-a (IFA-3) of the invention as obtained above ,n (,) ■ was admimstered to 
a group of three 7-week-old female SD rats by injection into the femoral muscle in a dose o {1-274x10 unite 
per capita After a prescribed period, blood was sampled from the caudal vein and the IFN-a potency m 
pfasm was determined by the P enzyme immunoassay method and antiviral activity method described in 
Example 1 (i). A distinct delay in clearance was observed as compared w.th a group adm.n.stered 
unmodified interferon a (rIFN-aA) in a dose 1.259x10 s units per capita. 
The above results are depicted in Fig. 1. 

6X3 To5 ml of the solution of chemically modified IFN-a (IFA-3) of the invention as obtained in Example 1 
(i) there iTaoded 250 mg of human serum albumin. The resulting solution is filtered through a membrane 
lllier (pore size 0.2 pm) and distributed into 5 vials, followed by lyophilization and storage. The contents of 
each vial are dissolved in 1 ml of distilled water for injection just prior to use. 

ProTuSon of polyethylene glycol methyl ether-modified IFN-a and alkanoyl-po.yethylene giycol-modified 

IFN 'S) The title compounds were synthesized by using the polyethylene glycol methyl ether aldehyde and 
alkanovlpolvethylene glycol aldehyde obtained in Reference Example 1 and Reference Example 2, 
fe%e7Sy, and Sowing the procedure of Example 1. Various data for each derivative synthesized are 
shown in Table 1 and amino acid analysis data therefor in Table 2. 

T) The chemically modified IFN-a species obtained in (i) above (compounds No. 2 and No. 8) were 
administered to 7-week-old female SD rats in groups of 3 by intramuscular Injection into the fern ur , doses 
of 3 12X10 6 units and 2.66xl0 6 units, respectively. Thereafter, blood samples were collected from the 
caudaf vlS, at t ma ; intervals and assayed for IFN-a potency in plasma by enzyme immunoassay 
ObvloLly decayed clearance was noted as compared with the group given 3.82x10* un.ts of unmod,f,ed 
IFN-a. These results are depicted in Fig. 2. 
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TABLE 2 



— : Not detected. 





Amino acid analysis value 
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pound 
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Theo- 
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value 




Asp 


12.8 


12.7 


12.5 


12.5 


13.4 


12.9 


12.2 


12.5 


12.8 | 


12.6 


12 


to 


Thr 


11.7 


11.6 


11.2 


10.9 


11.3 


11.4 


10.9 


11.6 


11.3 ! 


11.6 


10 




Ser 


15.8 


16.7 


15.7 


15.4 


17.6 


15.6 


15.4 


16.8 


15.6 


15.6 


14 
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Glu 


27.4 
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Leu 
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21.0 


21.0 


21.0 


21.0 


21.0 


21 




Tyr 


4.3 


4.5 


4.6 


4.6 


4.9 


4.6 


4.4 


4.8 


4.8 


4.6 


5 


35 


Phe 


9.8 


9.8 


9.8 


9.8 


9.8 


9.8 


9.4 


9.7 


9.8 


9.8 


10 




Lys 


8,6 


10.3 


10.6 


9.6 


5.4 


6.1 


2.3 


6.6 


4.9 


11.3 


11 




His 


2.7 


3.0 


2.7 


2.7 


2.9 


2.8 


2.6 


2.9 


2.9 


4.1 


3 


40 


Arg 


8.8 


8.8 


9.2 


8.8 


9.1 


8.8 


8.5 


7.7 


7.6 


8.9 


9 




Trp 
















0.8 


1.0 
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Example 4 

Production of polyethylene glycol methyl ether-modified interteron-y 

(i) A 5-ml portion (5.95 mg as protein) of a solution of the interferon-y protein produced by the 
so recombinant ON A technique (hereinafter abbreyiated as rIFN-y; cf. EPC : laid oper .No. 1 0044) was applied 
to a Sephadex G-25 column (2.0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The eluate 
was fractionated in 5-ml portions. Fractions Nos. 11-13 were combined and diluted to 100 ml with the 
same buffer. Thereto was added polyethylene glycol methyl ether aldehyde (average molecular weight 
^ r r . , ; j..):,; ... ,f ro ^; M m nvnnnhornhvdrido ^300 mqV The mixture was shaken at 3/ L 



" -7" , . . ., .,, .,, .u. ■ .■ . ; .-'ons -Tactions \n.-. , t-r'-t^'nm {*•'■. < i«;sir 

product' we're' combined The "protein content in tne combined fractions as aetern.nea by tre Braa.or 
method using bovine serum albumin as a standard was 7.73 ng/ml. Th e ac.d nydrolysate 6 1 " Wort lor ,c 
acid, 110°C. 24 hours) gave the following amino acid analysis values: Asp 19.6 (20 . Thr 4 7 (5) Ser 8 3 

H) Glu 18 5(18): ?'o. 2.1 (2): G!y, 5.4 (51: Ala, 7.5 (8)' Val. 8.4 18): Met, 3.7 (4): lie, 7.1 (7); Leu, 9.7 (10), Tyr, 

■ - (fi. pj. |f , o y --v i .... • m s 2,0 ; Z Arrj, 5.0 I8> Cvs. Trp, decompose':. Stcu Hi N-v ont.!i:-.s :<) L . 
-csiducs.' the a'ooveresu-ts i^.n.^M aboJ 12 V or i v - am-o prc-uns i- • F\ . -ac :>•- *' ' 
by polyethylene giyco' metryl other -average molecule w-.g.-t 750). .ho product na,» c=n -vt.v.r;,, t „t. 



7 



EP 0 154 316 B1 



of 1 3X10 6 international units/mg. Administration of the product to rats resulted in obvious delay in 
clearance in blood. On the other hand, the precipitate was dissolved in 6 M guanidine hydrochloride and 
dialyzed against 25 mM ammonium acetate (pH 6.01+0.15 M sodium chioride + 10 mM glutathione at 4 C 
overnight followed by Sephadex G-75 gel filtration in the same manner as above. The thus-purified 

5 fraction (25 ml) had a protein content of 126 u.g/ml and amino acid analysis of the acid hydrolysate (6 N 
hydrochloric acid, 1 10°C, 24 hours) gave the following values: Asp, 20.0 (20); Thr, 5.2 (5); Ser, 9.5 (1 1 ); Glu 
27 8 (18)' Pro, 2.7 (2); Gly, 14.6 (5); Ala, 8.1 (8); Val, 8.5 (8); Met, 4.3 (4); lie, 7.2 (7); Leu, 10.2 (10); Tyr, 5.8 
(5); Phe/l0.1 '(10); Lys, 14.7; His, 2.0 (2); Arg, 7.3 (8); Thr, 0.7 (1 ); Cys, decomposed. The higher values for 
Glu and Gly than the theoretical are presumably due to contamination by glutathione. Since rlFN-y contains 

w 20 Lys e-amino groups, the above results indicate that about 26.5% of the Lys e-amino groups in rlFN-y had 
been modified by polyethylene glycol methyl ether. 

(ii) Using 225 mg of polyethylene glycol methyl ether aldehyde having an average molecular weight of 
750 and 120 mg of sodium cyanoborohydride, rlFN-y was treated in the same manner as (i) in the presence 
of 2-mercaptoethanol (2%) to give 30 ml of a polyethylene glycol methyl ether-modified rlFN-y solution 

75 having a protein content of 236 pg/mL Amino acid analysis of the acid hydrolysate (6 N hydrochloric acid, 
110°C, 24 hours) gave the following values: Asp, 20.0 (20); Thr, 5.2 (5); Ser, 9.6 (11); Glu, 33.6 (18); Pro, 1.8 
\2) Gly 13 3 !5); Ala, 8.2 (8); Va!, 8.9 (8); Met, 4.6 (4); !!e, 7 4 (7); Leu. 10.2 (10): Tyr, 5.9 (5); Phe, 10.7 (10); 
Lys, 10.2; His, 2.3 (2); Arg, 7.9 (8);*Trp, 0.6 (1); Cysi'decomposed. The higher values for Glu and Gly are 
presumably due to contamination with glutathione. Since rlFN-y contains 20 Lys e-amino groups, the 

20 above results indicate that about 50% of the Lys e-amino groups in rlFN-y had been modified by 
polyethylene glycol methyl ether. 

Example 5 

Production of polyethylene glycol methyl ether-modified IFN-yd2 

25 (i) A 5-ml portion (4.95 mg as protein) of the IFN-yd2 solution obtained in Reference Example 3 is 
applied to a Sephadex G-25 column (2.0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The 
eluate is fractionated by 5 ml. Fractions Nos. 11—13 are combined and diluted to 100 ml with the same 
buffer. To the dilution is added polyethylene glycol methyl ether aldehyde (average molecular weight 750) 
(200 mg), and then sodium cyanoborohydride (300 mg). The mixture is shaken at 37°C for 72 hours. The 

30 resulting precipitate is removed by centrifugation. The supernatant is concentrated to 10 ml using a Diaflow 
membrane (Amicon). The concentrate is applied to a Sephadex G-75 column (3.0x43.0 cm) and developed 
with 25 mM ammonium acetate buffer (pH 6.01+0.15 M sodium chloride+10 mM glutathione. The eluate is 
fractionated by 5 ml, and the fractions containing modified IFN-yd2 having the polyethylene glycol methyl 
ether moiety on the Lys e-amino group in the molecule are collected and combined. When this product is 

35 administered to rats, evident delay in clearance in blood is noted. 

On the other hand, the precipitate is dissolved in 6 M guanidine hydrochloride, dialyzed against 25 mM 
ammonium acetate buffer (pH 6.0J+0.15 M sodium chloride+10 mM glutathione at 4°C overnight, and 
purified by Sephadex G-75 gel filtration in the same manner as above. Thus is obtained a fraction 
containing modified IFN-yd2 having the polyethylene glycol methyl ethyl moiety on the Lys e-amino group 

40 in the molecule. 

Example 6 

Production of polyethylene glycol methyl ether-modified IFN-y3 

(i) A 5-ml (5.5 mg as protein) portion of the IFN-yd3 solution obtained in Reference Example 4 is applied 

45 to a Sephadex G-25 column (2. Ox 60.0 cm), followed by development with 0.2 M phosphate buffer (pH 7.0). 
The eluate is fractionated in 5-ml portions. Fractions Nos. 11—13 are combined, and thereto are added 
polyethylene glycol methylether aldehyde (average molecular weight 750) (225 mg) and then sodium 
cyanoborohydride (120 mg). The mixture is shaken at 37 C C for 24 hours. The reaction mixture is applied to a 
Sephadex G-75 column (3.0x43.0 cm), followed by development with 25 mM ammonium acetate buffer 

50 (pH 6.0). This is obtained a fraction containing modified !FN-yd3 with the polyethylene glycol methyl ether 
moiety on the Lys e-amino group in the molecule. When this product is administered to rats, obvious delay 
in clearance in blood is observed. 

C y ~ ; rn p ( n 7 



sodium cyanoborohydride (100 my). The mixture was stirreci at 3/ C ior 24 hours. * lie rusuitjnt ureu;pitdic 
was removed by centrifugation. The supernatant was dialyzed againt 5 mM ammonium acetate buffer (pH 
5.0) for 5 hours. The dialyzate was applied to a Sephadex G-75 column (3.0x43.0 cm) and developed with 
the same solvent system. The eluate was fractionated in 5-ml portions. The desired product-containing 

♦'-actions Nos. 2' 29 wore ar-.binod. The combined fraction r:\ci a o rote- in content cr' 2c ug-rrv as 
loterminen by the BracKnro w-thon usirij bovine serum albumin "e a stance: -e ic u n> -.lroiysate o * 
hydrochloric acid, 1 1OC, 24 rours.; gave the following ammo acio dialysis .dlu» s A b p \< "J 12-. I no ' ^ r 
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(13)- Ser, 7.1 (8); Gly, 18.6 (18); Pro, 5.5 (5); Gly, 2.2 (2); Ala, 5.0 (5); Val, 3.7 (4); Met, 3.9 (4); lie 8 1(8): Leu 
22 2 (22 Tv 30 (3 ; Phe, 6.0 (6); Lys, 7.3; His, 3.0 (3); Arg, 3.9 (4); Cys. Trp, decomposed. Since rlL-2 
contains 1 1 Lys residues, the above results indicate that about 33.6% of the Lys e-am.no groups had been 
moSd by polyethylene glycol methyl ether. The ,L-2 activity of the product as £. — V — 
5 of Hinuma et al. [Biochemical and Biophysical Research Communications ; 109, 363-369 1982)) which 
measures the growth of an IL-2-dependent mouse natural killer cell Ime (NKC3) with the S Ko 000 
uptake into DNA as an index was 22,998 units/mg. When rlL-2 .s supposed to have an act v ty of 4 1,000 
unlts/mg, ?he product is estimated to retain 57.7% of the activity. After administration of th,s product, 
obvious delay in clearance in blood was noted. 

10 

Reference Example 1 

Svnthesis of Dolvethylene glycol methylether aldehyde 

mXlyethylene glycol methyl ether (5 g; average molecular weight 5,000) was dissolved m methylene 
chloride 100 mO and then pyridinium chlorochromate (330 mg) was added. The mixture was s irre at 

15 room temperaTu e for 12 hours. The reaction mixture was diluted two-fold with methylene chlonde and 
p 0 o 0 uredint P o a F.orisi. column (6x10 cm,, and , the ^^^^^^^1^ 
S;:^ undeV reduVed pressure and there was 

Stained a SSe wax. Yield 1.5 g (30%). Thin layer chromatography: R.-0.08 ^Woroform-methanol- 

zo acSc acid=?l 0.5, silica gel). "C-NMR spectrometry revealed an absorption due to the aldehyde group in 

hydrated form (— £H(OH> 2 ) at 96.2 ppm. Hk^nlved in 

(ii) Polyethylene glycol methyl ether (10 g; average molecular weight 5,000) was dissolved l in 
tertialbu anol (100 ml) Thereto was added potassium tertiary-butoxide (4.17 g), followed by add. ion of 
bromoacetal (2 56 ml). The mixture was stirred at 40°C for 2 hours. The tert.ary-butanol was then disced 
offTder reduced pressure, water was added to the residue, and the aqueous mixture was extracted with 
chlorofo m (200 mlx2). The extract was washed with water and dried over anhydrous jjjjmsu fa ite. The 
chloroform was then distilled off under reduced pressure, petroleum benzine was added to the residue and 
the ^resultTn^stalline residue was collected by filtration and washed w.th ether. Thus was obtamed 9.5 g 
95%) o the ^corresponding polyethylene glycol methyl ether diethyl acetal. A 5-g portion of the acetal was 
so so ved n E7S trLoLceticacid, treated in a boiling water bath for 30 mmutes an I then 
lyophilized, giving a polyethylene glycol methyl ether aldehyde longer in cham length by _0-CH 2 CH 2 
than the product obtained in (i). . , . 

(i i) Polyethylene glycol methyl ether (5.7 g; average molecular weight 1,900) was dissolved in 
methylene TchVorL (100 ml) and then pyridinium chlorochromate (970 mg) was added The mixture was 
35 sTr refat room temperature for 12 hours, then diluted with an equal volume of methylene .chlonde .and 
poured into a Florisil column (6.0x10.0 cm). The column was washed with methylene chloride and then 
with chloroform, followed by elution with 10% methanol/chloroform Fractions positive to 2.4-d.nitro- 
ZnylhySine test were combined. Removal of the solvent by distillation gave a crystalline wax. Y,e d 
1 8 g 30% "Thin layer chromatography: R.-0.10 (chloroform-methanol-acetic ac,d=9:1 :0 5 « ca ge l 
40 "C-NMR spectrometry indicated the presence of an absorption due to the aldehyde group in hydrated form 

^S!i°lJo!yS^ 2 ne P 5Iyiol methyl ether (19.5 g; average molecular weight 1,900) was dissolved in 
tertiary-butanol (100 ml). Potassium tertiary-butoxide (10.4 g) was added and then bromoacetal (6.4 ml) 
wa added ?he mixture was stirred at 40°C for 2 hours. The tertiary-butanol was then dist.llec i off under 

,5 reduced pressure. Water was added to the residue, followed by extraction with chloroform (200 mix 2) . The 
extract was washed with water and dried over anhydrous sodium sulfate. The chloroform was distilled off 
under reduced pressure petroleum benzine was added to the residue, and the resultant crystalline residue 
^M^I^ZS^-nd washed with ether to give 8.5 g (89.5%) of acetal. A 3-g portion of the acetal 
was dissolved in 0.05 M trifluoroacetic acid, and the solution was treated in a boiling water bath for 30 

so Routes and then lyophilized to give a polyethylene glycol methyl ether aldehyde longer in chain length by 
_0_CH 3 CH 2 — than the product obtained in (lii). . 7C . . 

(v) Polyethylene glycol methyl ether species having average molecular weights of 750, 550 and 350 
were derived to the corresponding aldehyde species by following the above procedures. 



60 



mixture was'shrred' at 4CTC for 2 hours and then at room temperature for 16 hours. Thereafter, the solvent 
was distilled off under reduced pressure. The residue was dissolved in chloroform, and the solution was 
washed with water, the chloroform layer was dried over anhydrous sodium sulfate, and he chloroform 

. ,.- distilied off .,ndnr reduced pressure Th* residue was dissolved in a small amount of chloroform, a 

"••'uoit'i in berz>e-the- 2' ' 1 mixture was added to !r« so -.:t!0- ar.d ' h •"■ m xture was a-ownl to st-ru V 
i, ve 14g (90%.' of a ...rystal me wax. A \4-g portion rf the a«h was dissolved -r 50 ml v n-.-thye- 
chloride, followed by audition of 30C mg of pyridinium cr orcchromoto. The resuitrg m x.u-e was «rrr«.: 
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at room temperature for 18 hours. The reaction mixture was applied to a silica gel C-200 (Wako Pure 
Chemical Industries) column (3x50 cm), and the column was washed with 5% methanol-chloroform {200 
ml) and eluted with 10% methanol-chloroform. Fractions positive to the 2,4-dinitrophenylhydrazine test 
were combined, and the solvent was distilled off under reduced pressure. A crystalline wax was obtained. 
5 Yield 580 mg (41%). 

(ii) In 50 ml of methylene chloride, there was dissolved 20 g of polyethylene glycol 1000 (Wako Pure 
Chemical Ind.) (average molecular weight 1000), followed by addition of 5.15 g of n-caproyl anhydride. The 
mixture was stirred at 70°C for 2 hours. Then, the solvent was distilled off, and the residue was purified 
using a silica gel C-200 column (3x50 cm) and elution with ethyl acetate-methanol (4:1) to give 14.9 g (60%) 
w of an oil, which solidified upon standing in a refrigerator. The subsequent oxidation with pyridinium 
chlorochromate as conducted in the same manner as (i) gave the corresponding aldehyde. 

Reference Example 3 — Production of IFN-yd2 

(i) Transformant preparation 

'5 The IFN-y expression plasmid pHITtrp1101 [cf. EPC (laid open) No. 110044, Example 2 fiii)] was 
digested with the restriction enzymes Avail and Psfl, and an Ava\\-Pst\ 1 kb DNA fragment containing the 
iFN-y gene poriion was isolated. The protein synthesis start ccdon-containing nUgonuclpntidp adapter 

CGATAATGTGCCAG 

20 

TATTACACGGTCCTG 

chemically synthesized by the phosphotriester method was joined to the above DNA fragment at the AvaW 

cohesive end thereof using T4 DNA ligase. 
25 The above adapter-joined gene was inserted into the DNA fragment obtained by cleavage of the 

plasmid ptrp771 [cf. above-cited publication, Example 2 (ii)] with the restriction enzymes C/al and Pst\, 

downstream from the trp promoter |n said fragment. Thus was constructed the expression plasmid 

pHITtrp1101-d2 coding for the Cys-Tyr-deficient IFN-y polypeptide (Fig. 3). 

Escherichia coli 294 was transformed with this plasmid pHITtrpI 101-d2 by the method of Cohen et al. 
30 [Proc. Natl. Acad. Sci. U.S.A., 69, 2110 (1972)] to give the transformant Escherichia coli (=E coli) 

294/pHITtrp1101-d2 carrying said plasmid. 

(ii) Transformant cultivation 

35 The strain E. coli 294/pHITtrp1 101-d2 carrying the plasmid constructed in (i) above was cultivated in M9 
medium containing 8 ug/ml of tetracycline, 0.4% of casamino acids and 1% of glucose at 37°C. When the 
growth reached KU 220, 3-P-indolylacrylic acid (1AA) was added to a concentration of 25 ug/ml. Thereafter, 
the cultivation was continued for further 4 hours. After cultivation, cells were harvested by centrifugation 
and suspended in 1/10 volume of 0.05 M Tris-HCI (pH 7.6) containing 10% sucrose. To the suspension, there 

40 were added phenylmethylsulfonyl fluoride, NaCI, ethylenediaminetetraacetate (EDTA), spermidine and 
lysozyme to concentrations of 1 mM, 10 mM, 40 mM and 200 ug/ml, respectively. After standing at 0°C for 1 
hour, the suspension was treated at 37°C for 3 minutes to give a lysate. 

The lysate was subjected to centrifugation at 4°C and 20,000 rpm (Servall centrifuge, SS-34 rotor) for 30 
minutes to give an IFN-yd2 polypeptide-containing supernatant. This supernatant had an antiviral activity 

45 of 2.87x10 s U/liter culture fluid. 



(iii) Purification of IFN-yd2 

In 18 ml of 0.1 M Tris-hydrochloride buffer (pH 7.0) containing 7 M guanidine hydrochloride and 2 mM 
50 phenylmethylsulfonyl fluoride, there were suspended 5.9 g of cells obtained in the same manner as (ii) 
above and stored in the frozen state. The suspension was stirred at 4°C for 1 hour and then subjected to 
centrifugation at 10,000xg for 30 minutes to give 20 ml of a supernatant. This supernatant was diluted with 
260 ml of a buffer (pH 7,4) comprising 137 mM sodium chloride, 2.7 mM potassium chloride, 8.1 mM 
Sodium ohosnhntc nnd 1.5 mM mononotassium phosphate /hereinafter such buffer being referred to by 



fraction. 

This 20-ml fraction was applied to a Sephacryl S-200 (Pharmacia) column (2.6x94 cm, column volume 
500 ml) equilibrated in advance with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM 
ethylenediaminetetraacetate 0.15 M sodium chloride, 10 mM cysteine and 2 M guanidine hydrochloride, 

Allowed by elution with the same ::uffor. Thus was obtained 37 - ^ jr antiv.-c-y a,:tivc Action 
f^e Cys-Tyr-defir. !FN-\ • m ■ ■ v p-rt lc k- : \ . V. ■rVi -\> r. /.e:e ! '~ : • ■• — : ve • :'"* : v U 

)i 1.0 • 10 ' J.'mg. 
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Reference Example 4 — Production of IFN-yd3 

(i) Transformant production , 

The IFN-y expression plasmid pRC23/IFI-900 [cf. Example 7 of the specificat.on for a patent appl cation 
under EPC as laid open under No. 0089676] was digested with the restriction enzymes A/del and Nco\ and a 
5 710 bp Nde\-Nco\ DNA fragment (A) containing the IFN-y gene region was isolated. Separately he p asm.d 
PRC23 was digested with the restriction enzyme BglH and £coRI, and a 265 bp DNA fragment (B) containing 
the AP L promoter was isolated. The fragments (A) and (B) and the chemically synthesized, protein synthesis 
start codon-containing oligonucleotide 

,„ AATTCATGCAGGATCCA 

GTACGTCCTAG GTAT 

were joined together using T4 DNA ligase, with the Nde\ and EcoH\ cohesive ends as the sites of joining. 
15 The DNA fragment thus obtained was joined to the plasmid pRC23/IFI-900 after treatment with Nco and 
;„« tothenibv a n «vnr fiKS ion olasmid, P LC2, coding for the Cys-Tyr-Cys-deficient IFN-y 

no voeotide (Fig 2) This plasmid p*LC2 was used for transforming Escherichia coll RKI(pRK248 cits) by tne 
"nS^^'^&Wrt to give a transformant, Escherichia coli )=E coin PRI(pLC2, P RK248 cits). 

20 (ii) Transformant cultivation . . ... , ,.,„ 

The strain £. coli RRI(pLC2,pRK248 cits) carrying the plasmid constructed in (i) above was 
shake-cultured at 35°C in 50 ml of a liquid medium containing 1% Bactotryptone, 0.5% yeast extract, 0.5 A 
sodium chloride and 7 ug/ml tetracycline. The culture broth was transferred to 2.5 liters of M m«J«mi 
containing 0.5% casamino acid, 0.5% glucose and 7 M g/ml tetracycl.ne, and grown at 35 C for 4 hours and 
then at 42°C for 3 hours. Cells were harvested by centrifugation and stored at -80 C. 



25 



30 



35 



40 



45 



50 



Tn^'mlofO 1 M Tris-hydrochloride buffer (pH 7.0) containing 7 M guanidine hydrochloride and 2 mM 
phenyl methylsulfonyl fluoride, there were suspended 7.1 g of frozen cells obtained in the j 53 ™™™^ 
mentioned above in (ii). The suspension was stirred at 4°C for 1 hour and t hen ^ entr ^9 e m d . a n V P ^ K the 
30 minutes to give 24 ml of a supernatant. This supernatant was diluted by adding 300 ml of PBS and the 
dilution was applied to an antibody column (Moy2-11.1, column capacity 15 ml) at a flow rate , of 1 
ml/minute. Thereafter, the column was washed with 60 ml of 20 mM sodium phosphate buffer (pH 7.0) 
containing 0.5 M guanidine hydrochloride and then eluted with. 45 ml of 20 mM sodium phosphate buffer 
(pH 7.0) containing 2 M guanidine hydrochloride, to give 25 ml of an antivirally active fraction. This fraction 
25 ml) was applied to a Sephacryl S-200 (Pharmacia) column (2.6x94 cm; column capacity 500 ml) 
equilibrated in advance with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM ethylened.amine- 
tetraacetic acid, 0.15 M sodium chloride, 10 mM cysteine and 2 M guanidine hydrochloride, and eluted with 
the same buffer to give, 40 ml of an antivirally active fraction. 

The thus-obtained Cys-Tyr-Cys-deficient IFN-Y polypeptide IFN-y d3 weighed 7.0 mg and had a spec.fic 
activity of 2.72x10 7 lU/mg. 

Reference Example 5 — Production of non-glycosylated human IL-2 
(i) Transformant cultivation 

E coli DH1/pTF4 [EPC Pat. Appln. No. 84308153.0] was inoculated into 50 ml of a liquid medium (pH 
7 0) containing 1% Bacto tryptone (Difco Laboratories, USA), 0.5% Bacto yeast extract (Difco Laboratories, 
USA) 0 5% sodium chloride and 7 pg/ml tetracycline as placed in a 250-ml Erlenmeyer flask. After 
incubation at 37°C overnight on a swing rotor, the culture medium was transferred to a 5-liter jar fermenter 
containing 2.5 liters of M9 medium containing 0.5% casamino acid, 0.5% glucose and 7 pg/ml tetracycline 
Incubation was then conducted with aeration and stirring at 37°C for 4 hours and after addition of 
3-B-indolylacrylic acid (25 pg/ml). for further 4 hours. Cells were harvested from the thus-obtained 2.5-liter 
culture broth by centrifugation, frozen at -80 5 C and stored. 



Di,pematant 

60 (iii) Purification of IL-2 protein , u o ci a „ 

The supernatant obtained above was dialyzed against 0.01 M Tns ■ HCI buffer (pri 8.5) and then 

-,.-ifuged Jt '9.000 ■ u c or 10 myites, -iv/m 94 - n oialyznto <s mematant. This dialvrate sunernatant 
was apDlied ro , DE 52 -DEAE-i.c-l u.o«e. Vvhatm.an. '-Mnt B-tai- *n irn 50 ■- n vci-j«w cjijik.-.h-: 
.vitn 0.01 M "r:s HC; n.jffer -pri 3.5. fc oroteir jisst'fot on. ■ •'»;•- K.itrr: " 
concentration gradient 0 — 0 15 M NaCi. 1 ten. T" n active f-act cr* 53 - • v\o^ -o- rp-i-at*: • ■ - «- 
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using a YM-5 membrane (Amico, USA) and subjected to gel filtration using a Sephacryl S-200 {Pharmacia, 
Sweden) column (500 ml in volume) equibrated with 0.1 M Tris • HCI (pH 8.0)— 1 M NaCI buffer. The active 
fractions (28 ml) obtained were concentrated to 2.5 ml using a YM-5 membrane. The concentrate was 
applied to an Ultrapore RPSC (Altex, USA) column for adsorption, and high performance liquid 

5 chromatography was performed using a trifluoroacetic acid-acetonitrile system as the eluent. 

Under the conditions: column, Ultrapore RPSC (4.6x75 mm); column temperature, 30 3 C; eluent A, 
0.1% trifluoroacetic acid— 99.9% water; eluent B, 0.1% trifluoroacetic acid— 99.9% acetonitrile; elution 
program, minute 0 (68% A+32% B)-minute 25 (55% A+45% B)-minute 35 (45% A+55% B)-minute 45 
(30% A+70% B)-minute 48 (100% B); elution rate, 0.8 ml/min.; detection wave length, 230 nm. An active 

10 fraction was collected at a retention time of about 39 minutes. Thus was obtained 10 ml of a solution 
containing 0.53 mg of non-glycosylated human IL-2 protein [specific activity, 40,000 U/mg; activity recovery 
from starting material, 30.6%; purity of protein, 99% (determined by densitometry)]. 

Claims 

15 

1. A chemically modified lymphokine having polyethylene glycol of the formula: 

R-fO— CH 2 CH 2 4n 

20 wherein R is a protective group for the terminal oxygen atom and n is an optional positive integer, bonded 
directly to at least one primary amino group of the lymphokine moiety. 

2. The modified lymphokine according to claim 1, wherein the lymphokine moiety has molecular 
weight from 5,000 to 50,000. 

3. The modified lymphokine according to claim 2, wherein the lymphokine moiety has molecular 
25 weight from 10,000 to 30,000. 

4. The modified lymphokine according to claim 1, wherein the lymphokine moiety is interferons, 
interleukin-2, macrophage differentiating factor, macrophage activating factor, or substances similar in 
structure and in physiological activity to these. 

5. The modified lymphokine according to claim 1, wherein the lymphokine moiety is interferon-a, 
30 interferon-p, interferon-y, interferon-yd2, interferon-vd3 or interleukin-2. 

6. The modified lymphokine according to claim 1, wherein the lymphokine moiety is interferon-a. 

7. The modified lymphokine according to claim 1, wherein the lymphokine moiety is interferon-y. 

8. The modified lymphokine according to claim 1, wherein the lymphokine moiety is interleukin-2. 

9. The modified lymphokine according to claim 1, wherein the polyethylene glycol has molecular 
35 weight corresponding to 1 to 10% of the molecular weight of the lymphokine moiety. 

10. The modified lymphokine according to claim 1, wherein the polyethylene glycol has molecular 
weight from 350 to 6,000. 

11. The modified lymphokine according to claim 1, wherein R is alkyl or alkanoyl. 

12. The modified lymphokine according to claim 1, wherein n is a positive integer from 7 to 120. 
40. 13. The modified lymphokine according to claim 1, wherein the primary amino group is N-terminal 

a-amino group or e-amino group of lysine residue in the lymphokine moiety. 

14. The modified lymphokine according to claim 1, which has polyethylene glycol bonded to 15 to 80% 
of e-amino groups of lysine residue in the lymphokine moiety. 

15. A method of producing a chemically modified lymphokine having polyethylene glycol of the 
45 formula: 

R-H3CH 2 CH 2 -)n 

wherein R is a protective group for the terminal oxygen atom and n is an optional positive integer, bonded 
so directly to at least one primary amino group of the lymphokine moeity, which comprises reacting a 
lymphokine with an aldehyde of the formula: 

R-(-0— CH 2 CH 2 4nrrrO— CH 2 CHO 



(30 

Patentanspruche 



12 



EP 0 154 316 B1 

worin R eine Schutzgruppe fur das endstandige Sauerstoffatom ist und n eine wahlbare positive ganze , Zahl 
darsteHt direkt an wenigstens eine primare Aminogruppe des Lymphokinanteils gebunden enthalt. 
2 LdmzienesTymphokin nach Anspruch 1, worin der Lymphokinanteil ein Molekulargewicht von 

'■^iModTf^rymphokin nach Anspruch 2, worin der Lymphokinanteil ein Moleculargewicht von 

10 00 4^ b odm Z ie 0 rt 0 es\ U ymphokin nach Anspruch 1. worin der Lymphokinanteil - interferonen Interleukin- 
2, Makrophag-Differenzierungsfaktor, Makrophag-Akt,v,erungsfaktor oder diesen in Struktur und 
physiologischer Aktivitat ahnlichen Substanzen besteht. lntortarnn „ intprfprnn S 

5. Modifiziertes Lymphokin nach Anspruch 1, worin der Lymphokmante.l Interferon-a, Interferon-B, 
Interferon-y lnterferon-vd2, lnterferon-yd3 oder lnterleukin-2 ist. 

6 Modifiziertes Lymphokin nach Anspruch 1, worin der Lymphokinante nterferon-a ist. 
1. Modifiziertes Lymphokin nach Anspruch 1, worin der Lymphokinante. nterferon-y ist 

8 Modifiziertes Lymphokin nach Anspruch 1, worin der Lymphokinanteil Inter euk,n-2 IS t 

9 Mofiziertes Lymphokin nach Anspruch 1, worin das Polyathylenglycol e.n Moleulargew.cht aufwe.st, 

das 1 bis 10% des Moleulargewichtes des Lymphokinanteiles entspricht. „u. „„„ 

udb i iu/o uca a ^ ^ ^ DnU/othu onn urn sin Mnlecularaewicht von 

10. Modifiziertes LympnoKin nacn miis^iu^i i.'""" iuu """r 

350 n S ModLS' Lymphokin nach Anspruch 1, worin R fur Alkyl oder A Ikanoyl steht 

12. Modifiziertes Lymphokin nach Anspruch 1. worm n e.ne positive ganze Zahl von 7 b.s 12C ' bejutet 
13 Modifiziertes Lymphokin nach Anspruch 1, worin die primare Aminogruppe eine N-endstand.ge 
a-Aminogruppe oder e-Aminogruppe eines Lysinrestes im Lymphokinante ,1 darsteMt 

14. Modifiziertes Lymphokin nach Anspruch 1, das ein Polyathylenglycol enthalt, das an 15 b.s 80 /« der 
E-AminoaruDoen des Lysinrestes im Lymphokinanteil gebunden ist. 

iKrfahren zur Herstellung eines chemisch modifizierten Lymphokins, das em Polyathylenglycol der 
Forme! 

R-fOCH 2 CH 2 -k 

so worin R eine Schutzgruppe fur das endstandige Sauerstoffatom ist und n fur eine wahlbare positive ganze 
Zahl steht, direkt an wenigstens eine primare Aminogruppe des Lymphokinante.ls gebunden enthalt, 
welches Verfahren die Umsetzung eines Lymphokins mit einem Aldehyd der Formel 

R-fO— CH 2 CH 2 -W>-CH 2 CHO, 

55 worin R und n die vorstehend angefuhrte Bedeutung besitzen, in Gegenwart eines Reduktionsmittels 

Umf9 ia Verfahren nach Anspruch 15, worin die Reaktion in der Nahe des Neutralbereiches durchgefuhrt 

40 ^^17: Verfahren nach Anspruch 15, worin das Reduktionsmittel Natriumcyanborhydrid ist. 
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Revendications 

1. Lymphokine chimiquement modifiee ayant du polyethyieneqlycol de formule: 

R-fO— CH 2 CH 2 4n 

dans laquelle R est un groupe protecteur de I'atome d'oxygene terminal et n est un nombre antler positif 
laisse au choix, lie directement a au moins un groupe amino primaire du fragment lymphokine. 

2. Lymphokine modifiee selon la revendication 1, dans laquelle le fragment lymphokine a une masse 
moleculaire comprise entre 5000 et 50 000. 

3. Lymphokine modifiee selon la revendication 2, dans laquelle le fragment lymphokine a une masse 

■ v,,. n -, r ..:.- n onfm 1 O OOO r»t °H OOO 



i'interferon-a l'interferon-3, I 'interferon-y, i'interferon- Y d2, unterferon-Ya3 uu I interleuKine-^. 
so 6. Lymphokme modifiee selon la revendication 1, dans laquelle le fragment lymphoHne cs: 
I'interferon-a. 

7 Ly^phcki^p 

b. Lymph;* ■ 
'■torluukine-2. 



co'nn 'a ^vindication 1. dans laquelle le fragment lymphok : ne pst 
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9. Lymphokine modifiee selon la revendication 1, dans laquelle le polyethyleneglycol a une masse 
moieculaire correspondant a 1% a 10% de la masse moleculaire du fragment lymphokine, 

10. Lymphokine modifiee selon la revendication 1, dans laquelle le polyethyleneglycol a une masse 
moleculaire comprise entre 350 et 6 000. 

5 11. Lymphokine modifiee selon la revendication 1, dans iaquelle R est un alkyle ou un alcanoyle. 

12. Lymphokine modifiee selon la revendication 1, dans laquelle n est un entier positif compris entre 7 
et 120. 

13. Lymphokine modifiee selon la revendication 1, dans laquelle le groupe amino primaire est le 
groupe a-amino de I'extremite N-terminale ou le groupe e-amino d'un reste lysine dans le fragment 

w lymphokine. 

14. Lymphokine modifiee selon la revendication 1, qui a du polyethyleneglycol lie a 15% a 80% des 
groupes e-amino du reste lysine dans le fragment lymphokine. 

15. Procede de preparation d'une lymphokine chimiquement modifiee ayant du polyethyleneglycol de 
formule: 

15 

R-fO— CH 2 CH 2 4s 

dans laquelle R est un groupe protecteur de I'atome d'oxygene terminal et n est un nombre entier positif 
lajsse au choix, lie directernent a au moins un groupe amino primaire du fragment lymphokine, qui 
20 comprend la reaction d'une lymphokine avec un aldehyde de formule: 

R-fO—CH 2 CH 2 4n^rO— CH 2 CHO 

dans laquelle R et n sont tels que definis ci-dessus, en presence d'un agent reducteur. 
25 16. Procede selon la revendication 15, dans lequel la reaction est realisee au voisinage de la neutralite. 
17. Procede selon la revendication 15, dans lequel I'agent reducteur est du cyanoborohydrure de 
sodium. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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